We herein report two cases of advanced stage rapidly progressive diabetic nephropathy that were effectively treated with combination therapy including renin-angiotensin-aldosterone system (RAS) blocker [angiotensin II receptor blocker (ARB)], glucagon-like peptide-1 (GLP-1) receptor agonist and sodium glucose transporter-2 (SGLT-2) inhibitor. /year) after combination therapy with ARB (olmesartan 40 mg/day), GLP-1 receptor agonist (liraglutide 0.9 mg/day) and SGLT-2 inhibitor (tofogliflozin 10 mg/day). These results suggest that this triple combination therapy has renoprotective effects on advanced stage rapidly progressive diabetic nephropathy.
Introduction
Several populations of diabetic nephropathy have been reported to show rapid progression, which is defined as a decline rate of the estimate glomerular filtration rate (eGFR) of > 5 mL/min/1.73 m 2 /year, resulting in a progression to the advanced stage of disease over a short period [1] . The mechanisms of this rapid decline are still under investigation.
Although several classes of drugs such as renin-angiotensin-aldosterone system (RAS) blocker [including angiotensin II receptor blocker (ARB)], glucagon-like peptide-1 (GLP-1) receptor agonist and sodium glucose transporter-2 (SGLT-2) inhibitor have been reported to show renoprotective effects on diabetic nephropathy by monotherapy [2] [3] [4] or combination therapy [5, 6] , the effects of these drugs on advanced stage rapidly progressive diabetic nephropathy have not been confirmed.
We herein report two cases of advanced stage rapidly progressive diabetic nephropathy that were effectively treated with combination therapy including ARB, GLP-1 receptor agonist and SGLT-2 inhibitor.
Case report

Case 1
A 30-year-old woman was diagnosed with diabetes mellitus by a medical checkup when she was 15 years old. No treatment was conducted according to her choice. Fifteen years later, she was admitted to our hospital because of a vitreous hemorrhage. At that time, her diabetes mellitus control was not good with HbA1c level of 12.1%. Her diabetes mellitus was classified as type 2 because of negative anti-glutamic acid decarboxylase (GAD) antibody and preserved fasting serum C-peptide level of 5.94 ng/ mL. She had no family history of diabetes mellitus, so the possible diagnosis of maturity-onset diabetes of the young was excluded. On physical examination, bilateral proliferative diabetic retinopathy with vitreous hemorrhage and loss of Achilles tendon reflex were detected. Additionally, her renal function was impaired with eGFR of 42.3 mL/min/1.73 m 2 and proteinuria of 8.1 g/day.
Thus, insulin therapy was started to control her diabetes mellitus. Furthermore, amlodipine was initiated because of increase in blood pressure. However, her renal function continued to worsen. Six months later, she was referred to our department for treatment of renal impairment (eGFR: 20.7 mL/min/1.73 m 2 ) with nephrotic range proteinuria (13.2 g/day) (Fig. 1) . The decline rate of her renal function before consulting our department was high (annual eGFR change: − 60.0 mL/min/1.73 m 2 ) (Fig. 1) . No other pathogenic condition except for diabetic nephropathy explaining her renal disease was found (Table 1 ). In addition, she had not been taking any medicines including Chinese herbal medicine, supplement, and analgesics that could induce acute kidney injury. On the basis of her clinical course, she was diagnosed with a case of advanced stage rapidly progressive diabetic nephropathy. To attenuate her rapidly declining renal function, ARB (irbesartan 25 mg/ day) and SGLT-2 inhibitor (canagliflozin 50 mg/day) were administrated ( Fig. 1) . Two weeks later, proteinuria was decreased; however, eGFR continued to decrease at the same high speed (Fig. 1) . Therefore, GLP-1 receptor (Fig. 1) . Thirteen weeks later, her renal function was markedly improved (eGFR change: + 4.3 mL/ min/1.73 m 2 over 15 weeks) (Fig. 1) .
Case 2
A 59-year-old man was admitted to a general hospital because of myocardial infarction. At that time, his HbA1c level was found to be 9.5%. The patient was negative for anti-GAD antibody, and his fasting serum C-peptide level was preserved (6.94 ng/mL). He was also found to have bilateral neuropathy (loss of Achilles tendon reflex), bilateral retinopathy (proliferative diabetic retinopathy) and renal impairment (eGFR: 60.5 mL/min/1.73 m 2 ) with proteinuria (0.99 g/gCr). He was diagnosed with type 2 diabetes mellitus with diabetic neuropathy, retinopathy, and nephropathy. Insulin treatment was started. However, his renal function rapidly decreased year by year (annual eGFR change: − 21.2 mL/min/1.73 m 2 ). Three years later, he was referred to our department for treatment of his renal impairment. At that time, his eGFR was decreased to 32.4 mL/min/1.73 m 2 . Urinalysis showed nephrotic range proteinuria (8.90 g/gCr). A detailed description of the laboratory data at that time is shown in Table 1 .
His renal function before consulting our department declined at a high speed (annual eGFR change: − 21.2 mL/ min/1.73 m 2 ) (Fig. 2) . No other pathogenic condition explaining his renal disease was found (Table 1) . Based on his clinical course, he was diagnosed with a case of advanced stage rapidly progressive diabetic nephropathy. To attenuate the rapid decline in his renal function, ARB (olmesartan) was administered at an initial dose of 10 mg/ day and was titrated up to 40 mg/day (Fig. 2) . Nutrition counseling including salt limitation (3-6 g/day) and protein restriction (0.6-0.8 g/kg/day) was also conducted. After these treatments, his annual eGFR change rate was improved to − 3.9 mL/min/1.73 m 2 (Fig. 2) . Proteinuria was also decreased to < 0.5 g/gCr (Fig. 2) . However, 20 months later, his proteinuria increased to > 5.0 g/gCr (Fig. 2) . Therefore, GLP-1 receptor agonist (liraglutide) was administered at an initial dose of 0.3 mg/day and was titrated up to 0.9 mg/day (Fig. 2) . After that, his annual eGFR change rate improved to − 1.3 mL/min/1.73 m 2 ( Fig. 2) . Proteinuria also decreased to < 0.2-0.3 g/gCr (Fig. 2) . To further improve the rate of decline in renal function, SGLT-2 inhibitor (tofogliflozin) was administered, which improved his annual eGFR change rate to + 0.1 mL/min/1.73 m 2 (Fig. 2) . Proteinuria also decreased to 0.02 g/gCr (Fig. 2) . HbA1c (%) 6.9 7.0 6 .3 6.9 6.9 7.1 6 . The annual change in eGFR was determined by linear regression analysis. eGFR estimated glomerular filtration rate, R insulin aspart, G glargine
Discussion
We herein described two cases of advanced stage rapidly progressive diabetic nephropathy, which were effectively treated with a combination therapy including RAS blocker (ARB), GLP-1 receptor agonist and SGLT-2 inhibitor. This triple combination therapy appears to be effective against advanced stage rapidly progressive diabetic nephropathy. We diagnosed these two cases with advanced stage rapidly progressive diabetic nephropathy based on their renal function, clinical course and eGFR decline rate [1] . The mechanisms and treatment of advanced stage rapidly progressive diabetic nephropathy have not been established, yet. RAS blockers, GLP-1 receptor agonists and SGLT-2 inhibitors have been reported to have certain renoprotective effects on diabetic nephropathy [2, 3, 7] . Recently, the positive effects of combination therapies with RAS blockers and GLP-1 receptor agonists or SGLT-2 inhibitors have been reported for diabetic nephropathy [5, 6] , as they have different renoprotective mechanisms (Fig. 3) [8] [9] [10] [11] [12] . SGLT-2 inhibitors have been suggested to have renoprotective effects in patients with advanced stage diabetic nephropathy [13] . GLP-1 receptor agonists have been shown to be superior in terms of renoprotection compared with other classes of glucose-lowering agents in diabetes mellitus with renal impairment [14] .
In this case report, a full combination therapy including RAS blocker (ARB), GLP-1 receptor agonist and SGLT-2 inhibitor showed significant renoprotection effects in two cases of rapidly progressive advanced stage diabetic nephropathy. In both cases, we started with SGLT-2 inhibitor at a lower dose because of the concern that concomitant use of ARB and SGLT-2 inhibitor may increase the risk for acute kidney injury [15] . We did not observe any adverse events including hyperkalemia, dehydration and urinary tract infection in both cases. These results suggest that the combination therapy of RAS blocker (ARB), GLP-1 receptor agonist and SGLT-2 inhibitor has strong renoprotective effects on advanced stage rapidly progressive diabetic nephropathy. However, the effects of this triple therapy on advanced stage rapidly progressive diabetic nephropathy should also be investigated by clinical studies.
In conclusion, we presented two cases of advanced stage rapidly progressive diabetic nephropathy that were successfully treated with a combination therapy of RAS blocker (ARB), GLP-1 receptor agonist and SGLT-2 inhibitor. Thus, this triple therapy may be effective for renoprotection against advance stage rapidly progressive diabetic nephropathy.
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